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Introduction 
In order to provide a means of compensation for avoiding 
reduction of the thermal neutron flux densities in the 
core positions of DR 3 while converting from highly enriched 
to low enriched uranium, application to the danish authorities 
has been made for upgrading the reactor power level. 
This application involves a recalculation of the temperature 
distributions of the fuel elements. Earlier calculations 
have been done on the box-type Mk 2 fuel element. By the 
results from new flow measurement in the annular-tube-type 
Mk 4 fuel elements in 1986 a prerequisite was provided 
for exact temperature calculations. 
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Power release and heat deposition in the fuel tubes 
The fission power release in the fuel tubes can be calculated 
by aeans of the DR 3-SIM code . The results are given in 
Ml per cm axial length for all four fuel tubes together. 
However, a part of this heat release is not absorbed in the 
fuel tubes. Recent references divide the release of fission 
235 
energy from U as follows: 
Kinetic energy of fission fragments 
Instantaneous gamma-ray energy 
Kinetic energy of fission neutrons 
Beta particles from fission products 
Gamma-rays from fission products 
Neutron reactions in core and coolant 
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*) calculated for the DR 3 core. 
The energy from fission fragments and from beta particles 
will, almost totally, be absorbed in the fuel tubes, but 
only a fraction — 0,2 of the gamma-ray energy and fission 
neutron energy will be absorbed here. Thus the deposition 
of energy in the fuel tubes will be: 
Kinetic energy of fission fragments 
Instantaneous gamma-ray energy 
Kinetic energy of fission neutrons 
Beta particles from fission products 
Gamma-rays from fission products 
Neutron reactions in core and coolant 
The total energy absorption in the fuel tubes is consequently 
estimated at 175,9 NeV per fission, which means that a fraction 
175 9 
of # * '— » 0,90 of the total energy released is actually 
195,5 
absorbed in the fuel tubes themselves. 
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2. Flow- and power-distributions between the fuel tubes 
The flow distribution between the fuel eleaents in the core 
was Measured in 1986 in each of the 3 combinations of 
the Main circulators. (2 of the 3 main circulators are operating 
at a tine). See table 6 in appendix 1. 
The flow distribution 
Mk 4 fuel el 
have been used by Kaiser 
conditions in Mk 4 fuel el 
between the 5 cooling channels in a 
en Measured in Julien, GDR. The results 
for calculation of the flow stability 
nts. See table 4 in app. 1. 
The power generation distribution between the fuel tubes 
has been calculated by neans of the code DR 3/SIM for Mk 
4 fuel elements with 4 fuel tubes as well as 3 fuel tubes, 
see table 5 in app. 1. 
3. Fuel meat-to-coolant heat transfei * alculations 
The radial heat transfer path is divided in three steps: 
I) - Through the fuel meat 
II) - Through the cladding, 
III) - Through the D-0 boundary layer at the cladding 
surface. 
I). The heat conduction through the heat-generating meat 
2) 
of the fuel tube is calculated by means of the equation : 
0,0 
Fia, 
To " Tx - TJZ x 
Fuel meat U3Si£-Al 
AlMgl-cladding 
2. FUel tube cross section 
(1) 
where T is the temperature ( C) 
q is the heat deposition
 1 
("kg"1) 
p k i s tfte meat density (kgm ) 
^. is the thermal conducti-
vity (Wm"1 °c"1) 
The fuel tubes are considered 
as plates in these calculations 
because the tube wall thickness 
is small compared to the tube dia-
meters. 
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The power release P as calculated by means of the DR 3/SIM 
-1 
code is given in units of (kW-cm ) in 8 intervals of the axial 
fuel element length. 
The relation between q and P (W-m ) is 
rf -A - P / -a - 1. 
where A is the fraction of heat deposition in tube no. n 
b. (m) is the total of the 3 plate widths of tube no. n 
Ky n 
1. (m) is the axial fuel meat length 
A- = 2*b. *1. is the effective heat transfer surface of tu-K,n K,n K j 
be no. n (m ) 
By substitution of q from eq. (2) in eq. (1) we obtain at x=a: 
i -l.-a-tf 
II) The temperature drop through the cladding is: 
AfK-ai dn(b-a)-l. 
a b
 *A1 Ak,n *Al z 
where /?., is the thermal conductivity of aluminium (Wm~ °C~ ) 
Q is the heat flow (WnT2) 
and a (see fig. 2) 
III) The temperature drop through the D-0 film layer close to the 
cladding surface can be calculated according to 6): 
^¥'3A VAH"- (5' 
where d. is the hydraulic diameter of the cooling channel (m) 
. _ 4 • cross section of cooling channel 
h wetted perimeter 
ZD is the thermal conductivity of D20 (Wm~ °c" ) 
and Nu. is the Nusselt-number for annular gaps, given by the 
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equation:
 2 
d. d- f a. 
0.86(3^) + ( l - 0 . 1 4 - ( g i ) ) yMRe-lOOO-Pr-d+Cyi) 
•v x - * — * — " ft i * «%»° 
1 • ^ i 1+12.7 | j - ( P r J - l ) " d -
y 
(6) 
where d- and dv are the inner and outer diameter of the cooling 
channel,
 v .^  
Re is the Reynolds number Re = - — — (?) 
V2 is the coolant «ean velocity (ms~ ) 
y is the kinematic viscosity of the D_0 film layer (m 
J is the pressure drop coefficient 
| = (1.82 * log10 (Re) - 1.64)'2 (8) 
Pr is the Prandtl number for the DJO coolant 
Pr„ is the Prandtl number for the film layer close to 
the wall. 
4. The D-O temperature rise by passing through the cooling chan-
nels 
By means of the methods outlined in section 3 every fuel 
meat temperature can be calculated assumed the adjacent D.O 
coolant temperature is known. The temperature distribution 
of the D-0 coolant in the cooling channels of a fuel element 
is given by the equation: 
- „ f P*dZ 1 f T^T - T, »1 /,„.„ -
 t ,£,.«, 1 P 2 d Z (9) 
0.3 "-0.3 
where P (Wm~ ) is the axial power deposition in the interval dz 
and F (kgs~ ) is the mean coolant mass flow through the element, 
This is a mean of all 5 cooling channels. In the cooling 
channel between tube no. n and tube no. (n-1) the temperature 
distribution will be: 
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T - T 
X D 2 0,Z T i 
4 
2 
in+Vi f' 
J - 0 . 3 
(10) 
where 6 is the flow ratio in the cooling channel inside tube no. 
n. CP,. 6n.*m) 
and A is the power deposition ratio of tube no. n. 
The values of 6 and A are given in appendix 1, tables 4 
n n 
and 5. 
5. The total thermo-hydraulic pattern in a fuel element 
rN> 
Fig. 
and 
nels 
3. Fuel tubes 
cooling chan-
in 
element 
a Mk 
with 
4 fuel 
4 fuel 
tubes 
It is obvious that the temperature rises through the inner 
and outer channels (a and e) are lowest as these are heated 
from one side, only. Tube no. 1 and 4 will, consequently, 
be cooled better and obtain lower temperatures than tube 
no. 2 and 3. This will cause lower temperatures in the cooling 
channels b and d, compared with c. 
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Thus, the heat transport to the inside of each tube is different 
from that to the outside, so the presumption in chapter 3: 
That the temperature maximum is situated in the center of 
the fuel aeat (see fig. 2) does not hold. 
However, as the temperature drop through the fuel meat itself 
is very small, a reasonable good approximation is obtained 
by sticking to the presumption of max. temperature in the 
meat centre, but assuming different heat transports to the 
two sides. 
Denoting the ratios of heat removal from tube no. n outwards 
A and inwards P
 n ±*
 t n e
 heat transport to the cooling 
channel between tube no. n and tube no. n+1 will be: 
Pr *n 'Pn,o + Pz *(n+l) ?n+l,i (11> 
which will modify eqs. (10), (3), (4) and (5): 
»z 
n"rn,o+Ti+l r n + l , i \ 
>,« " T i = 4 .187-o^F^ \ TD20'* - i - 18V6 n\ \ p « * (12> 
-0.3 
4-(b-a)-l. 
* - - v © ^ - 2 - ^ •'« 
As 6 i + f& * 1» the mean value of the Ø's is 0.5. Consequent-
ly the factor 2 had to be introduced in eqs. (12), (3), (4) and 
(5) in order to obtain the correct result from eqs. (12), (13), 
(14) and (15). 
The calculation of the whole temperature distribution in 
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a fuel element is carried out under the assumptions: 
a) The ft -values are independent of z, i.e. they doesn't 
vary along the length of the fuel eleaent '.this is tested 
later). 
b) The thermal-hydraulic conditions are symmetric around 
the vertical axis of the fuel element. 
The temperatures can be calculated by iterations: 
By choosing a suitable set of the 8 A -values, observing that 
A . * p - 1, the temperatures at the core-centre plane 
(CCP) where z = 0 can be estimated by means of equations 
(12), (13), (14) and (15). 
The meat temperature calculated from inside a fuel tube should 
equal that calculated from outside the tube. If this is not 
the case, a new set of 0-values must be chosen, and the calcula-
tion procedure must be repeated until the same meat centre 
temperature is obtained in each tube by calculations from 
both sides of the tube. 
The iterations have been carried out on a computer using 
the data given in appendix 1. The final set of ft -values at 
CCP were: 
Tube no. n 
^n,i 
£n,© 
1 
0.638 
0.362 
2 
0.523 
0.477 
3 
0.476 
0.524 
4 
0.356 
0.644 
In order to show the significance of the error introduced 
by the assumption a), the temperature distributions in fuel 
element C2 in reactor cycle 325 has been calculated from 
inside as well as from outside of each fuel tube. The results 
are shown on figure 4. The two curves for each tube coincides 
- 14 -
at z = 0, which was aimed by the iteration calculation. In 
the upper and lower ends of the fuel tubes a difference between 
the outer and inner calculations is noticed, in particular 
for tubes no. 1 and 4, but the maximum difference is below 
2°C. By representing the true meat temperature by the mean 
from the inside and outside calculations, the error is well 
below 1°C, which means that the legitimacy of assumption 
a) seems to be justified. 
The last question is: Does the set of B-values in the table 
above apply to all positions in the core? It is calculated 
for a LEU 180g fuel element in the core position C2 with 
a flow 13.20 kg/s and 1000 kW fuel element power. Using the 
same set of B-values, calculations of meat temperatures from 
outside and inside of all 4 fuel tubes have been carried 
out for the same reactor cycle 327 with LEU 180g fuel elements 
in core position B2 (coolant flow: 13.60 kg/s) and in Al 
(flow: 16.20 kg/s), both for 1000 kW element power. The results 
are shown on figs. 5 and 6. it is seen that the curves crosses 
close to z = 0 and that the max. difference in the ends is 
less than 2°C. 
All 2 6 fuel elements flow are between 12.00 and 16.20 kg/s 
in the 3 combinations of 2 running main circulaters IP1/1,2,3. 
Only 9 of these 3 x 26 flow values are below that of C2: 
13.20 kg/s. As furthermore the 3-factors are nearly independent 
of the element power, it seems to be reasonably justified 
to use the same set of iS-values for all core positions. 
As an example, the fuel tube temperature distributions in 
all 26 core positions have been calculated by means of the 
method outlined above. The calculations refer to the known 
conditions of reactor cycle no. 340. The graphs are shown 
in appendix 2. The maximum meat temperature is 94.8°C in 
tube no. 3 of the core position C2, which contained a new 
150g HEU element generating 543 kW. The reactor power was 
10.0 MW. The pressumed D20 bulk temperature in the reactor 
tank was 70°C, which is the maximum allowable bulk temperature. 
- 15 -
6. Acknowledgements 
I wish to thank mr. P. Wiig for doing the computer calculations 
and preparing the figures, and miss Anni Lambaek for typing 
the report. The kind assistance of proff. J. Bukovsky, 
Nsc, Plzen University, CSSR, for revising the report is 
highly appreciated. 
7. References 
1. Erik Nonbøl, Development of a Model for the Danish Research 
Reactor DR 3, RP-05-85, Risø National Laboratory, March 
1985. 
2. Samuel Glasstone, Principles of Nuclear Reactor Engineering, 
Macmillan & Co, Ltd., London 1956. 
3. Jens Qvist, Flowinstabilitetsfaktorer for LEU kerne 
baseret på flowmålinger fra juni 1986, DR 3-17/M 2006, 
Risø, September 1987 
4. P.R.Winstrøm, Flowmeasurements in the DR 3 core. DR 
3-01/M 1967, Risø, March 1987. 
5. N.E. Kaiser, Teoretisk undersøgelse af varme- og strøm-
ningstekniske forhold i DR 3 med Mk 4 brændselseleronter, 
Risø-M-916, Risø, Juni 1969. 
6. VDI Varmeatlas, Verein Deutscher Ingenieure, VDI-Verlag, 
GmbH, Diisseldorf 1977. 
7. CRC Handbook of Chemistry and Physics, CRC Press, Inc. 
Cleveland, Ohio, USA, 1977. 
8. James, M.F., "Energy Released in Fission", AEEW-M863, 1969. 
- 16 -
FIG 4 
i 
g 
i i 
8 
tf 
t 
% 
i 
\ 
nk 
* 
-. 
• I I • 
I 
! 
il 
R 8 8 * 8 8 S ! 
f * ^ » - * « * * i * * o mmm^Mm^J m. 
8 8 
1 
i-
s 
ti 
8 8 8 8 S • i 
fm^-m*.m+v%A.mm mmm^Mm^tJ m*mømu.m*fk4+mj 
- 17 - FIG. 5 
S» i1 I1 li 
_«» i 
i 
« i 
i \ 
% s 
r 
1 M 
* 9 t 1 1 1 S l t 8 1 4 r i i i i s 
»:. 
r 
«: 
5 • 
i 
i* 
4 
i 
»m mmm*nØm^J ».!»»»• i « * n » ^ 
9 
9> 
-i 8 
i 
8 
It I 
1 
1 
1 i i i 1 1 1 1 1 1 C I i e I S t i i i i i 
i 
8
 s* 
i* 
i 
1 
« * ^ » M » » m»»^*»^J maå*%øm* 
- 18 -
FIG. 6 
9> Jf i 
I 
g 
* 
I 
8 
Ttr * 1/ \ I * 
U Mil * 
A-Xs 
* V i * 
1 
SI * « R S 9 * * s * 1 
s» 
• 3 
. ^ 9 
u 
M 
8 i 
s 
I 
tf 
* i 
8 
/Æ 
_Æ 4-1 X 
v' 
L M 
t f t s s f t s e s s t * * « * * 
i 
Mi 
i 
] 
Cm^»^*%m++o» mmm^mm&J m^m+im A m ^ tu mj 
- 19 -
Al/l 
APPENDIX 1 
Heat transmission data 
T DjO 
(°C) 
50 
60 
70 
80 
90 
100 
110 
120 
130 
140 
150 
160 
(lO'Vs"1) 
0.551 
0.471 
0.409 
0.361 
0.322 
0.291 
* * > 
PD 
(Mg m~3) 
1.09576 
1.09060 
1.08475 
1.07824 
1.07112 
1.06346 
*D 
(lO^Wm"1^-1) 
643 
654 
662 
670 
676 
681 
Pr 
3.54 
2.96 
2.53 
2.20 
1.94 
1.73 
1.56 
1.42 
1.31 
1.21 
1.14 
1.07 
Pr w 
0.984 
1.000 
1.02 
1.04 
1.06 
1.08 
1.11 
Table 1. Heavy water data acc. to 
*) data from 
Channel 
between tube no. 
di (10~3m) 
dy (10~3m) 
di 
dh (10"3m) 
V (ms"1) 
lk (m) 
a 
(0-1) 
54.05 
60.85 
0.8883 
14.41 
3.10 
0.600 
b 
(1-2) 
63.85 
70.65 
0.9038 
7.73 
2.95 
0.600 
c 
(2-3) 
73.65 
80.45 
0.9155 
7.60 
2.71 
0.600 
d 
(3-4) 
83.45 
90.25 
0.9247 
7.50 
2.91 
0.600 
e 
(4-5) 
93.25 
100.05 
0.9320 
15.60 
2.79 
0.600 
Table 2. Cooling channel data 
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Al/2 
p (Mgnf3) 
R (Wm_1 °C~1) 
Meat 
12.20 
120 
Cladding 
2.70 
221 
Table 3. Meat and cladding data 
Cooling channel 
between tubes no.s 
Plow ratio 6„ 
n 
a 
(0-1) 
0.162 
b 
(1-2) 
0.178 
c 
(2-3) 
0.189 
d 
(3-4) 
0.229 
e 
(4-5) 
0.242 
Table 4. Flow distribution ratios 6 in a Mk 4 fuel element 
n 
Tube no. 
Power deposition 
ratio A„ in a 
n 
3-tube fuel elem. 
4-tube fuel elem. 
1 
0 
0.197 
2 
0.288 
0.226 
3 
0.328 
0.264 
4 
0.384 
0.313 
Table 5. Power deposition ratios A in a Mk 4 LEU fuel element 
Al/ J 
Table 6a, 6b and 6c - 21 -
Plowmeasurements in the PR 3 core June 12th and 13th 1986 
The measurements were carried out at a DjO-temperature of 
50°C, which is the normal operating temperature at 10 MW. 
The accuracy is estimated to be - 5%. Values in the matrixes 
are in kg/s. 
Pump combination 1P1-1 + 1P1-2; 360 kg/s 
Bl: 12.8 
CI: 12.2 
Dl: 13.0 
Al:\'l6.2 
B2: 13.V' 
C2: 13.2 
D2: 13.,&-. 
El:'15.2 
1 A L — J 
1 ^ 1 
A2: lV-0 
'Br: 13.2 
C3: 13.0 
.D3i 13.4 
E2: 19.2 
A3: 13.8 
B4: 13.5_ 
C4:(l5.0 
D4: 13?r" 
E3: 13.8 
A4: 13.2 
_B5: 13.4 
C5: lj.5 
'5$? 13.8 
E4: 13.2 
B6: 13.3 
C6: 13.2 
D6: 13.7 
Table 6a 
Pump combination 1P1-2 + 1P1-3: 360.5 kg/s 
Bl: 12.5 
01: 12.0 
Dl: 13.0 
» 
Al:'v15.5 
B2: 13.7 
C2: 13.3 
D2: U^7-
El/% 15.8 
[ ^ 1 
A2: 1J.5 
~B3: 13.2 
C3: 13.2 
-D3 i. 13 . 7 
E2: 1^.6 
1 . 1 
A3: 13.9 
B4: 1 3 ^ - . 
C4:< 15.1 
D4: 14 To"' 
E3: 13.8 
A4: 12.8 
.H5^ 13.7 
C5: l£.5 
"b5:"l3.8 
E4: 13.7 
B6: 13.6 
C6: 13.3 
D6: 13.2 
Table 6b 
Pump combination lPl-1 + lPl-3: 365 kg/s 
Bl: 12.5 
CI: 13.3 
Dl: 13.1 
K\( 16.2 
B2: 13~.T-
C2: 13.5 
D2: 13-.? • 
El( 15.9 
A2: 16.0 
-B3~:"l3.6 
C3: 13.6 
-•63^13.8 
E2: £5.6 
A3: 13.9 
B4: 13^9--
C4:Us.0 
D4: 14.1 
E3: 13.9 
A4: 13.5 
BSJ 13.9 
C5: 15*.5 
"bi: 14.0 
E4: 13.9 
B6: 12.2 
C6: 13.7 
D6: 13.3 
Table 6c 
The dotted ellipses represent the positions of the upcomers 
(elliptical because of the compressed delineation of the 
core). 
- 22 -
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Table 7a, 7b and 7c 
DATA FOR LEU-FUEL ELEMENTS 
Type: Mk 4 acc. to Risø drawing no. 73.33 (15. Jan. 76). 
Enrichment: 19.75% 235U, balance U (+ impurities <2.0%) . 
Cladding: AlMgl (98% Al, 1% Mg, balance Si, Fe, Cu, Mn, Cr, Zn, Ti) 
Dimensions of plates: 
Table 7a 
Wide plates, meat 
Narrow plates, meat 
Cladding plates 
Finished plate, wide 
, narro 
Thickness 
mm 
0.53] 
0.531 
0.464 
1.46 
i 1.46 
Length 
mm 
580.0 
580.0 
-
640.9 
640.9 
Width 
mm 
90.0 
60.0 
-
102.0 
69.0 
Cover tube: Outside diameter: 
Tube thickness: 
Thimble: Outside diameter: 
Tube thickness: 
U-density in meat: 
235 
U-density in meat: 
U-Si2-powder composition: 
Density, U-Si^: 
, meat: 
Heat conductivity, meat 
Density, cladding: 
Heat conductivity, cladding: 
103.00 mm 
1.50 mm 
54.05 mm' 
1.63 mm] 
3.29 g/cm3 
1.66 x 1021 at/cm3 
<20% fine (< 45 urn) 
12.2 g/cm3 
5.4 g/cm 
Weight of 60 cm length: 
774.86 g 
448.38 g 
W/m°C 98 
2.70 g/cm° 
221 W/m°C 
at 
at 
60°C 
60°C 
Table 7b 
Procentage content 
- in •* 
u 
u3si2 
Al 
Porosity 
Meat 
Weight % 
61.4 
66.0 
34.0 
-
Vol. % 
29.0 
67.5 
3.5 
1 cm tube in the fuel 
zc 
weignt * 
29.5 
31.7 
68.3 
-
>ne 
Vol. % 
9.2 
89.7 
1.1 
- 23 -
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Table 7c 
Tube no. 
MEASURES (mm) 
Length, tube 
, meat 
Thickness, tube 
, meat 
,cladd. 
Diam., outer tube 
Angle of coverinc 
meat 
VOLUMES (cm3) 
u3si2 
Al in meat 
Porosity 
Total, meat 
Al-cladding 
Total, tube 
WEIGHTS (q) 
235 
u 
Si 
u3si2 
Al in meat 
Total, meat 
Al-cladding 
Total, tube 
SURFACE AREAS(enfi 
Tube surface 
off 
meat 
COOLING CHANNEL V 
(mm) 
Channel 
Width 
Thimble-
3.4( 
1 
660.4 
600 
1,50 
0.546 
0.477 
63.85 
'311.0° 
16.12 
37.37 
1.94 
55.43 
138.61 
194.04 
36.0 
182.3 
14.3 
196.6 
100.9 
297.5 
374.2 
671.8 
Inclusi 
2587 
2031 
HDTH 
1 
) 
1-2 
3.40 
2 
660.4 
600 
1.50 
0.546 
0.477 
73.65 
313.5° 
18.81 
43.60 
2.26 
64.67 
159.87 
224.54 
42.0 
212.7 
16.7 
229.4 
117.7 
347.1 
431.6 
778.8 
ve cover 
2994 
2369 
2-3 
3.4 
3 
660.4 
600 
1.50 
0.546 
0.477 
83.45 
315.5° 
21.50 
49.82 
2.59 
73.90 
181.13 
255.03 
48.0 
243.0 
19.1 
262.1 
134.5 
396.6 
489.0 
885.7 
tube and 
3400 
2708 
0 
3-4 
3.4 
4 
660.4 
600 
1.50 
0.546 
0.477 
93.25 
317.0° 
24.19 
56.05 
2.91 
83.14 
202.39 
285.53 
54.0 
273.4 
21.5 
294.9 
151.5 
446.5 
546.4 
992.9 
thimble: 
3807 
3046 
0 
4-cov 
3.375 
Total 
80.62 
186.83 
9.70 
277.14 
682.00 
959.14 
180.0 
911.4 
71.6 
983.0 
504.6 
1487.7 
1841.2 
3329.20 
4552.44 
12789 
10153 
rer tube 
- 24 -
A2 /1 
APPENDIX 2 
I 
Meat Temperatures in At. 
99 -
9S -
99-
«5 -
4 9 -
7 * -
7 0 -
« $ -
99-
tmX Jtawter «y*te MiMft J»» km. *T g*. UZ» «U ttmX, »20 »Ort.«X< 
— 0 • f r g = a ^ . 
-«» - /» /o 
Q 5** HO./ RMght céov* ««r» «Mdralj»toM« rt«i> r»** now? o rwk« HO^» A TMU H*.¥ 
*IK> 
OS 
99 
8* 
Meat Temperatures in AZ. 
Jilts, JtiMter «y»fe *th»40. 9f9*w. 97g*. OJt$S atttart A20-*U«t-«&4 
79 
M 
90 
-49 -10 19 
O Ttlto nø.1 
Height «ébe*>« ter« wntrolpkm* <em> 
A T%é* no.4 
- 25 -
A2/2 
too 
\ » 
Meat Temperatures in A3. 
C fifen«./ O ]>*»IWu» A ft*«M«^ 
W 
• 0 
r* 
ra 
os 
00 
-00 
Meat Temperatures rn A4. 
«y*l» ROuMOi. £ •* km, Mf. UtS* at rfurt AMMnteC«&4 
- /O 
O 7i««fM./ 
10 JO 
/B .^rø. ?"f 
- 26 -
A2/3 
I 
I 
19 " 
• • -
* • " 
00-
Meat Temperatures in Bt. 
m i n r t i r tjTbufc,MP. 499tarn. Uft'«*. 0 * f •*Mart.MO M t £ « * * 
0 Nfcn*f + i t * * ! * * * 
Jfeat Temperatures in B2. 
too m 
f^tfa 4P» *w. MP ø* (MM at * * r t 
} 
74 
70 
- *P 3P 
O Ttm*n*.t * 
HMo+t «BM* «wn» mmumflmt* fomf 
Tvo* ruJt o T«** nau# A r*» 
- 27 -
A2/4 
i 
i 
i 9» 
Meat Temperatures in B3 
km. tig*. Wt*Smt 
->=• I • = * 
= = * = = * 
— • — — I I I ! » • 
9 M » M L / 
•9» 
* • • 
79 
Tø 
a /{#»**.# 
Meat rew»j>erafure8 in B4, 
i • 
-to to 
jr«fc*t 
a ft«* 
- 28 -
A2/5 
199 
9S 
99 
95 
99 
7S 
79 
«5 
Meat Temperatures in B5. 
Mt9. toaetøy CyUe *c&tO, SS9 *t#. »/ y*. U23S «t Stort. P20-tHkt&l4 
99 
- ^ - « • » 
a /i** n«./ 
Height above tare central pUm« (tnO 
+ Tt*« no-2 o T"«*« no*9 
39 
A Tuft« KO.V 
* 
/M> 
Afeaf Tempera tures i n i? 6, 
WW, Reaetor CytU no.940. 926 kw, 117 g*. U»3S at »tart, Jktø-fetettKU 
a 71*« no.1 
Height 'Jbovtt eor« central plme <sm> 
T&e n6.H o T%*>« ne.9 & TtA« no.* 
- 29 -
A2/6 
I 
L 
100 
Meat Temperatures in Cl. 
MtS, Jtea«fer CyUt, H<KS40, 440 km. 147 g* U2SS mt ttart P20+U»t*9.4 
filte RO.* 
Height téovt ton «MUralptow (t*tø 
I>** noJt o Tvé* noJt 
SO 
A ft*« 1W.4 
190 
Meat Temperatures in C2. 
PltS, Itooøtor Cyrtt n&S40, S49 kw. 147 g*. OMS* at $tmrt, JOO^OHM.4 
O Ti** no.1 
Htight «*ov« ton ttHtralpbm* (em> 
ft*« no.2 o ft*« neJ 
-u ft*« nc.4 
n.fffi. ?# 
- 30 -
A2/7 
! 
IOO 
OS 
00 
SS 
SO 
Meat Temperatures in C3. 
MM. JtoMtor CytU n*340. 507 km. lit g*. CBS* at «tart U»~*t*t*X4 
70 
SS 
«> 
^::^2~LI=^—= =fe==—g; ^ 
so -10 10 
a fiftiit«.* 
Height <*of« «©»» Mitirat j>lan« Cmt> 
& rub« ne.4 
100 
OS 
00 
ss 
so 
76 
70 
SS 
so 
Meat Temperatures in C4. 
»MS. Meatier Cyti* n&340. 440 km. 109 g*. V»SS at »tart. PJH~mti*ttS.4 
S5-..I — = * = - » • 
- j - • É-
- - » 
• - * > -«> /0 
O fiSM ne.1 
Height aheve eor* eentraipkm»<enO 
SO 
& T*6e nc.4 
/2.H.68. PM 
- 31 -
A2/8 
I 
100 
08 
00 
9S 
90 
7$ 
70 
OS 
00 
Meat Temperatures in C5. 
WW. Reattor Cyti* ne.340. Ztff kve. <M g*. U23S at Mart. AttMntettf&tf 
<*- É -S ff= a 
1 
-dp 
-rø 10 
O i** ne.1 
Height ahem tert amtralpkm* (tmf 
TWb« no*? o Ttéa iw*» A TWb« no.4 
/09 
J/eaf Femperafures m C6, 
JMI& JtMMtor CytU noJ40, 421 ftw, 147 g*. 0238 at ttart, MO *Ul*9.4 
Jiébt n».1 
Height a*ov» 
T\6t ne.2 
«n%tral plant <tnO 
o T%** no.3 
- 32 -
A2/9 
too 
Meat Temperatures in D1. 
MMS. ItaMto- CVate R&3tffc *lt? *w «S**. U23S •* »tort J*0~iHtofc«JU 
*> 
«* 
»0 
75 
W 
•O 
- » -to 10 
o 7<*«it*/ 
Bttøkt ofcovc *or» «M%*«t plan* rtm> 
» 
a !•**• 
I 
*00 
J/eat Temperatures in DZ. 
DM9, Munter OytU ncMO, $3$ ft* 01 g*. WM at ttart. AttMMC*M&* 
00 
as 
to 
7« 
70 
ft* 
00 
t~ — * = = = * = =* 
-40 
(lim net 
-to 
Hti^htohov 
10 
•mJraljrfMi* <*rtø 
30 
£> ft** n*4 
H.S.86, 7KW 
- 33 -
A2/10 
3 
Meat Temperatures in D3, 
\ ~ 
'99 -
99-
• 0 -
99 -
99-
7 5 -
79-
• 5 -
• 0 -
P9XM$n*t* r C**t» MiMOt, -Ml to« W f i . OfcW «t •tort A t H M t M M 
= * = = 
1 1 
* É ~ É 
a Tito no.* 
S«fciU<*MW 
99 
3 
' 
1 
109 
Meat Temperatures in D4. 
JHW, JteMtor C^to n&Jtffc 39T km. 99 f. OU$ at «tort W0-i*irt*X4 
7J** !•«•/ + Tféø noJi 
ear* «Mrirai j»l«w f*m> 
o f t *« M » 9 A T»^ M HAA 
IZbfff, P.* 
- 34 -
A2/11 
too 
Meat Temperatures in D5. 
Cfctte noMO. 344 km 00 g*. 0J3S at »tort Jk2»-4nfefc«&« 
OO 
70 
M . f 
-10 
ØcfcfttoftMW 
rvkna 
to 90 
A I t * * HO.V 
too 
PMX 
n«./ 
If eat Temperatures in D6. 
<y»i« naMft. MP tw, 13$ g*. UZ3S at Kart. A » *>totW,¥ 
Tt*» n«*? 
•MriralptoM ^ «m> 
& Tt«W ncA 
,Z&66, ?,*! 
- 35 -
A2/12 
Meat Temperatures in Ef, 
PM3. Jteovtor CytU MMO. 400 kw. 149 gx BtSS at »tart. P*y+tiet*&4 
10O . . , , . 
» H 1 1 1 1 1 1 
so -to 10 » 
Htigkt above »cr» »mtral plm» <*mt 
or 7ifte no./ •* rn* n»Jt « !>** noJ a it*e ncA 
Meat Temperatures in E2. 
M& X**»tor Oyttø n&340. 390 h*. 109 g*. U998 at »Urt. JkW-é«tefc«ft¥ 
-90 -10 10 90 
Height ahow »en »»nital ptømø (tnO 
O tié» M. / •* TUb* noJt o T**» no~9 A Tv*» n»A 
- 36 -
A2/13 
Meat Temperatures in E3. 
PitS. Mmutor C**i« H0.S40. 209 km. »S g* U3SS at Mart »&4»U£0S.4 
100 -, . j • 1 , 
w _ | 1 1 1 1 1 ( 
-so -to to so 
HMght aftov« Mr* otnirolpUm* (*m> 
a Tin* M«./ + r*** ncji o ?•**• n&3 A rut« M«.4 
J/eat remjoeratitres in E4. 
»MS, MtaMcr CyMø fk&S40, SS8 kvt. tSS g*. USSt at Mart, »SO-MltfOS.4 
too-i 1 1 1 1 \ 
00-\ 1 1 1 1 1 1 
-so -to to so 
Httgkt abovø tor* mntral pirns* CnO 
D /**• *o.t + r**« ncJt o TUM iw.3 a Tie« ncA 
/e.e.68, ?n/. 
Rise National Laboratory Rise - M - 2745 
Titla and author(s) 
C a l c u l a t i o n of p l a t e temperatures 
in a Mk 4 LEU f u e l element 
by 
Karsten Haack 
Pages 38 Tablas 11 Illustrations 32 Rafaranca* 8 
Dat* September 1988 
Dapartmant or group 
R e a c t o r DR 3 
Groups own registration number(s) 
18/N 219 
Projsct/contract no. 
ISBN 87-550-1462-3 
Abstract (Max. 2MI char.) 
A c a l c u l a t i o n method for e s t imat ing the a x i a l temperature 
d i s t r i b u t i o n s of each tube in each of the 26 fue l e lements 
of the DR 3 core i s descr ibed and demonstrated. With input 
data for f u e l element power, D-O o u t l e t temperature and 
main D_0 c i r c u l a t o r combination, a computer code c a l c u l a t e s 
a l l important temperatures in the f u e l e lement . 
Dsscriptors - I N I S 
COMPUTER CALCULATIONS; DR-3 REACTOR; FUEL ELEMENTS; MEDIUM TEMPERA-
TURE; MODERATELY ENRICHED URANIUM; SPECIFICATIONS; TEMPERATURE 
DISTRIBUTION 
AWJMMI on raqutH Worn (W— Library, Mat Manorial Laboratory (W— •IMtotafc, "orsfcmogiciHsr Wet), 
r*X>. to* 49, OK-4000 RotMMt, Donmork. 
Ts*a*om 02 tl 12 12. 0*1 mk. Tain: 4»11t, laMn: 02 MMOf 
fBtt&Bttlfc 
Available on request from 
Risø Library, 
Risø National Laboratory, P.O. Box 49, 
DK-4000 Roskilde, Denmark ISBN 87-550-1462-3 
Phone (02) 37 12 12 ext. 2262 ISSN 0418-6435 
